titude of small, seemingly equally divergent genera had been defined mainly on the basis of external morphological characters (e.g. plumage color, nasal form, fusion of skin between toes, tarsal feathering, and size). To bring some order and logic to this confusing array of names, Mayr and Bond grouped swallow genera into units using what they considered to be conservative, phylogenetically informative characteristics, in particular those of nesting habits and plumage color patterns. In the process, they outlined a rough scenario of swallow evolution based on nesting strategy and to a lesser extent geography. They postulated that the most "primitive" species were those that nested in natural cavities or on ledges. These were followed in evolutionary sequence by species that excavated nest holes and finally species that built nests from mud. Old World groups were judged to be more primitive than New World taxa because Africa, as the continent with the most swallow species, was perceived as the center of their origin. In addition to behavioral and geographic criteria, some features of exter-798
In the present paper, we reexamine the relationships among genera of the Hirundininae using genetic information derived from DNA-DNA hybridization. This independent source of genealogical information has generated a phylogenetic hypothesis that can be used to test the scheme of Mayr and Bond (1943) , as well as serve as a template for analyses of character evolution in this popular group.
METHODS
Selection of taxa.--The species used in our study and sources of tissues for DNA extraction are listed in Table 2 . While the taxonomic order of this list follows
Sibley and Monroe (1990), we have employed generally older generic names to clarify our discussion, particularly of taxa that are now commonly lumped in Hirundo. All of the species listed in Table 2 are members of the subfamily Hirundininae (true swallows). The other swallow subfamily Pseudochelidoninae (river-martins) consists of only two species, one from central Africa (Pseudochelidon eurystomina) and one (possibly extinct) from Thailand (P. sirintarae). Unfortunately, we did not have DNA from either of these species.
In choosing taxa for comparison, we tried to include representatives of as many previously recognized genera as possible, especially those whose relationships remain obscure. We also included representatives of all the groups defined by Mayr and Bond (1943) . Here we summarize their groups and list the species in each that we compared. Mayr and Bond (1943) divided Hirundo into three subgenera: (1) subgenus Hbundo, cup-nesting barn swallows (Hirundo rustica) and crag martins (Ptyonoprogne fuligula); (2) subgenus Lillia, rufous-rumped, retort-nest builders (Cecropis semirufa); and (3) subgenus Petrochelidon, cliff swallows (Petrochelidon pyrrhonota and P. spilodera).
Phaeoprogne tapera), another group of New World hole adopters. Mayr and Bond also identified several problematic taxa that did not fit well into any of these categories. Of these, we compared the Australian White-backed Swallow (Cheramoeca leucosternus), African Grey-rumped Swallow (Pseudhirundo griseopyga), African sawwings (Psalidoprocne holomelas), Mascarene Martin (Phedina borbonica), and Andean Swallow (Haplochelidon andecola ).
As an outgroup we used Tufted Titmouse (Parus bicolor). This species was selected for two reasons. Preliminary DNA-DNA hybridization studies ( increments by pumping 4 ml of 0.12 M sodium phosphate buffer through the HAP columns. Because of the greater genetic distances involved, fractions of swallow/Parus comparisons were taken over a wider range (60 ø and 68ø-94øC), but still in 2.0øC increments.
Experimental design and data analysis.--Each fractionation "experiment" consisted of a maximum of 35 hybrids. These hybrids were of two main types: homoduplexes (i.e. control hybrids formed from labeled and unlabeled DNA of a single individual); and heteroduplexes (i.e. hybrids of DNA from two different individuals of the same or different species). To control for sample-preparation bias, we hybridized a series of different DNA preparations of each species (Table 2) Table 3 ).
To construct our final estimate of swallow phylogeny, we corrected ATto to ATmC in a two-step process. To fit distances to a tree-branching pattern, we used . To test such taxic effects given the data at hand, we built trees using subsets of the species (Table 3) . In doing so, we made assumptions about monophyly of groups and designations of outgroups. For example, we assumed, based on traditional classification and their derived state of pure mud-nest building, that Hirundo, Petrochelidon, Cecropis, Delichon, and Ptyonoprogne represented a monophyletic group. We then used one of these taxa as outgroup in estimating trees for nonmud-nesting swallows, and vice versa. All such tests, as summarized in Table 3 , yielded trees that were consistent with the branching of the 18 x 18 consensus tree (Fig. 3) Psalidoprocne holomelas always appears as the outgroup to the other hirundinines in "Fitch" tree analyses. However, in some "Kitsch" analyses, which assume a constant rate of evolution, P. holomelas switches position with the clade comprising Cheramoeca and Pseudhirundo. DISCUSSION 
ASSESSMENT OF MAYR AND BOND (1943)
The groups of genera outlined by Mayr and Bond (1943) based on nesting habits and plumage patterns conform to our clades to a remarkable degree. The only discrepancy is their placement of Neochelidon tibialis. They grouped it with Stelgidopteryx, and we found it to be more closely related to Pygochelidon and Atticora. Our resuits even support several of Mayr and Bond's more subtle assertions or suggestions. For example, they thought that the Australian Cheramoeca and African Pseudhirundo might be distantly related to one another based on their "tunneling" behavior and color patterns. We have found just such a relationship between these highly disjunct, monotypic genera. Mayr and Bond indicated that the generic allocation of Haplochelidon hinged on its nesting habits; if it were found not to build a mud nest, then it would belong with the New World endemic genera rather than in Petrochelidon. We now know that it does not build a mud nest and that it is more closely related to Pygochelidon, Atticora, and Neochelidon than to Hirundo and allies (for a thorough discussion, see Parkes 1993). Mayr and Bond also remarked on the difficulty of allocating such taxa as Phedina, Cheramoeca/ Pseudhirundo, and Psalidoprocne to larger groups. In light of our molecular data, it is clear that these taxa were difficult to place because they are relatively highly diverged and without close relatives. Finally, Mayr However, cincta differs from all other Riparia species in overall size, bill and nostril shape, possession of sharp loral bristles, and the extent of its coloniality. On the basis of these differences, Roberts (1922) placed cincta in a monotypic genus, Neophedina, and it is for this reason we included it in our study. In addition to these morphological and behavioral differences, we have found cincta to be much more highly diverged from riparia than is another congener, the Plain Martin (R. paludicola): AT• of 2.88 versus 1.4, respectively (unpubl. data). Given the apparent paraphyly of riparia and cincta, which is supported circumstantially by the other evidence of substantial divergence, we are inclined at this point to agree with Roberts (1922) and recognize Neophedina for cincta.
In Table 6. For all swallow/swallow hybrids, Sibley and Table 2 
